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Description 

[0001 J The present invention relates to bone resorption suppressing agents comprising a milk-derived basic cysta- 
tin and/or milk-derived basic cystatin decomposition product as an effective component, and in particular to bone 
5 resorption suppressing agents to be used for the prevention and treatment of bone joint diseases or penodontal cfis- 

[0002] The present invention also relates to drinks, food products and feed in which a milk-derived basic cystatin 
and/or milk-derived basic cystatin decomposition product are admixed to provide an activity to prevent and treat bone 
joint diseases or periodontal diseases In particular, the present invention relates to drinks, food products and feed to 

10 which a highly absorbable calcium composition and vitamin D and/or vitamin K, in addition to a milk-denved basiccysta- 
tin and/or milk-derived basic cystatin decomposition product, are admixed to provide an activity to prevent and treat 

bone joint diseases or periodontal diseases. 

[00031 In recent years, the number of people suffering from bone joint diseases such as osteoporosis and rheuma- 
tism has been on the rise because of the aging population. Boneformation and bone resorption continuously take place 

is in bone tissue and are well balanced in early life, but the balance is lost with an increase in bone resorption with aging 
for various reasons If this unbalance continues for a long period of time, the bone tissue becomes fragile, which results 
in bone diseases such as osteoporosis, bone fractures and lumbago. It is believed that if this uncoupling can be pre- 
vented, osteoporosis, bone fractures, lumbago or the like can be prevented. 

[0004] Conventional methods to prevent and treat bone diseases by preventing the uncoupling include (1 ) dietary 
so supplementation of calcium, (2) moderate exercise. (3) sunbathing, and (4) therapy by medico 

[0005] For dietary supplementation, calcium salts such as calcium carbonate and calaum phosphate, natural cal- 
cium supplements such as bovine bone powders, egg shells and fish bone powders are used. To date, such food prod- 
ucts and food materials have been used exclusively for calcium supplementation. 

[0006] For moderate exercise, moderate running or walking are highly recommended. However, even moderate 
25 exercise is difficult for people who are physically weak and, not to mention, almost impossible for elderly people who 

are confined to bed. , . 

[0007] Sunbathing is good for the supplementation of activated vitamin D 3 , but not sufficient by itself 
[0008] As for therapeutic medicines. 1a-hydroxy vitamin D 3 , calcitonin preparations or the like are known to be 
effective to cure and treat osteoporosis. Calcitonin preparations are medicinal hormone preparations. Safe substances 
30 for calcitonin obtainable from food materials have not been presently studied. Calcitonin is difficult to prepare in bulk and 
to provide as a safe food material since animal tissues, cells, blood, or urine have to be used as raw materials. 
[0009] It is believed that rheumatism, a joint disease, can be prevented and treated by suppressing bone resorption 
since it is associated with the bone resorption. 

[001 0] In recent years, periodontal diseases have also become a serious social problem. Unlike denial canes, per- 
35 iodontal diseases weaken the roots of teeth, which makes even healthy teeth useless. Today, many people develop 
symptoms of periodontal diseases. Periodontal diseases can be more serious than dental caries. 
[001 1 ] Today, means to prevent periodontal diseases are to prevent the growth of causative microorganisms, for 
example the removal of dental plaque or gargling using mouthwashes containing antibacterial agents or the like. How- 
ever these means seem to be less effective for highly developed symptoms. Namely, in the late stage of periodontal 
40 diseases the alveolar bone mass decreases, and once alveolar bones are lost, unregenerable symptoms occur. Teeth 
loss due to periodontal diseases then makes eating difficult and painful, which is disturbing in everyday life. Thus, there 
is a need for effective means for the prevention and treatment of periodontal diseases. 

[001 2] However, so far. there is no agent available for the prevention and treatment of periodontal diseases which 
effectively suppresses a decrease in alveolar bone mass. 

45 [001 3] Thus, like osteoporosis, periodontal diseases have become a serious social problem. Therefore, an effective 
treatment for periodontal diseases is will greatly contribute to people's health, and accordingly is necessary. 
[0014] The present inventors intensively searched for a milk whey fraction having osteoblast growth stimulating 
activity, bone resorption suppressing activity and bone strengthening activity, in order to obtain a material which can be 
used for the prevention and treatment of bone junction diseases and periodontal diseases. Namely, the present inven- 

so tors fractionated proteins in milk, in particular milk whey, in an attempt to obtain a fraction having abone resorption sup- 
pressing activity, and found a bone strengthening activity in a protein-peptide mixture which was obtained by treating a 
water soluble fraction of whey proteins with a reverse osmotic membrane or electrodialysis to remove whey-derived 
salts (Japanese Patent Laid-open No. 4-183371). Furthermore, the present inventors found that a fraction obtained by 
treating an aqueous solution of this protein-peptide mixture with ethanol. heat, salts or an ultrafiltration membrane has 

55 a bone strengthening activity (Japanese Patent Laid-open No 5-176715. Japanese Patent Laid-open No. 5-320066). 
The present inventors also found that basic proteins present in milk in trace amounts have an osteoblast collagen syn- 
thesis stimulating activity and bone resorption suppressing activity (Japanese Patent Laid-open No. 8-151331 ). 
[001 5] Cystatin is a cysteine protease inhibitor which inhibits proteolytic activity of cysteine proteases having an SH 
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group in the active center and is found in animal tissues, cells and urine. A virus growth inhibiting activity was recog- 
nized as a useful activity of cystatin (Biochem. Biophys. Res. Commun., Vol. 127. p. 1072. 1985). 
[001 61 Japanese Patent Laid-open No. 2-223529 describes the use of cystatin as anti-allergic agents and as ther- 
apeutic agents for bone diseases in the form of an injectable preparation, suppository, nasal powder or the like. More 

s specifically, it described a test result wherein the blood calcium level was reduced in rats by intravenously injecting rats 
with rat-derived cystatin prepared by genetic engineering. However, one cannot readily conclude that cystatin has an 
activity to prevent and treat bone joint diseases such as osteoporosis and rheumatism, solely from this result. 
[00171 Furthermore, until now. a bone resorption suppressing agent comprising a milk-derived basic cystatin 
and/or milk-derived basic cystatin decomposition product which is effective by administration orally but not necessarily 

io intravenously, as an effective component, is not known. Also, a drink, food product or feed which contains such compo- 
nents in higher concentrations, along with calcium and vitamins, and can be administered orally is not known. 
[0018] Although the present inventors previously applied for a patent (Japanese Patent Laid-open No. 7-126294) 
on a cysteine protease inhibitor other than the milk-derived baste cystatin, the bone resorption suppressing activity of 
the milk-derived basic cystatin of the present invention is higher than that of said inhibitor. 

is [0019] The present inventors tried to isolate and purify an active substance from of basic protein fraction having a 
bone resorption suppressing activity, identified the resulting substance, and found this substance is a milk-derived basic 
cystatin Furthermore, the present inventors found that the milk-derived basic cystatin has a particularly high bone 
resorption suppressing activity as compared with cystatins from other origins. Further, the present inventors found that 
a decomposition product of the milk-derived basic cystatin also has a high bone resorption suppressing activity. 

20 [0020] Accordingly, the objective of the present invention is to provide bone resorption suppressing agents compris- 
ing the milk-derived cystatin and/or milk-derived cystatin decomposition product as an effective component, and dnnks. 
food products and feeds in which the milk-derived cystatin and/or milk-derived cystatin decomposition product are 
admixed to provide a bone resorption suppressing activity. 

[0021 ] Further, the present invention is industrially useful because a highly safe milk-denved basic cystatin can be 
25 prepared in bulk from a food material, i.e.. milk, and admixed as a safe food material. 

[0022] The present inventors found that a milk-derived basic cystatin and a milk-derived basic cystatin decomposi- 
tion product have an excellent bone resorption suppressing activity. 

[0023] Namely, the present invention provides bone resorption suppressing agents comprising the milk-derived 
basic cystatin and/or milk-derived basic cystatin decomposition product as an effective component. Further, the present 
invention can provide a bone resorption suppressing activity to drinks, food products and feed by admixing them with 
the milk-derived basic cystatin and/or milk-derived basic cystatin decomposition product. Further, the present invention 
can provide both a bone resorption suppressing activity and bone formation stimulating activity to drinks, food products 
and feed by admixing them with the milk-derived basic cystatin and/or milk-derived basic cystatin decomposition prod- 
uct and with a highly absorbable calcium component and vitamin D and/or vitamin K. 

[0024] More specifically, based on the above mentioned bone resorption suppressing activity of the milk-derived 
basic cystatin and/or milk-derived basic cystatin decomposition product, bone resorption suppressing agents can be 
provided, which comprise milk-derived basic cystatin and/or milk-derived basic cystatin decomposition P^ct as j«i 
effective component for the prevention and treatment of bone joint diseases or periodontal diseases. Also, drinks, food 
products and feeds having activities to prevent and treat bone joint diseases or periodontal diseases can be provided 
40 by admixing them with milk-derived basic cystatin and/or milk-derived basic cystatin decomposition products. 

[0025] The present invention provides a bone resorption suppressing activity to drinks, food products and feed by 
admixing the safe milk-derived basic cystatin and/or milk-derived basic cystatin decomposition product prepared using 

cow's milk, a food product, as a raw material. , . , ■», * ^ 

[0026] Examples of milk to be used as a raw material for the milk-derived basic cystatin include raw milk, powdered 
4S milk skimmed milk, and reconstituted milk. The milk-derived basic cystatin can be obtained from these milk materials 
by heating, salt treatment, ethanol treatment, various chromatographic methods, such as ion exchange chromatogra- 
phy and gel filtration chromatography, treatment with an ultrafiltration membrane, or the like. 
[0027] A milk-derived basic cystatin decomposition product of the present invention is a peptide mixture prepared 
by restrictively decomposing the above-mentioned milk-derived basic cystatin with proteases, such as trypsin, chymo- 
50 trypsin, pepsin, papain, kallikrein. cathepsin, thermolysin, and B8 protease. 

[0028] In the present invention, the above-mentioned milk-derived basic cystatin and/or milk-denved basic cystatin 
decomposition product are added to drinks and food products to provide them with bone resorption suppressing activity. 
Examples of such drinks and food products include milk, milk drinks, juices, jellies, biscuits, breads, noodles, and sau- 
sages Bone joint diseases, such as osteoporosis and rheumatism, and periodontal diseases can be prevented or 
55 treated by ingesting such drinks and food products to which the bone resorption suppressing activity is provided. 
[0029] In the present invention, a milk-derived basic cystatin and/or milk-derived basic cystatin decomposition prod- 
uct are used as medicines, or admixed into drinks, food products and feed as an effective component for the prevention 
or treatment of bone joint diseases, such as osteoporosis and rheumatism, in an amount of about 8 jig to 10 mg per 
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day for an adult, to be administered in divided doses. In particular, the milk-derived basic cystatin and/or milk-derived 
basic cystatin decomposition product are preferably admixed into drinks, food products or feed, at a concentration of 
more than 4 (ig% so as to easily attain the above-mentioned dosage. 

[0030] In the present invention, a milk-derived basic cystatin and/or milk-derived basic cystatin decomposition prod- 
s uct are used as medicines, or admixed into drinks, food products and feed as an effective component for the prevention 
or treatment of periodontal diseases, for example in a form of tooth paste, mouth wash, candy, chewing gum or troche 
by bringing them into contact with the tooth surface in an amount of about 8 fig to 10 mg per day for an adult to be 

administered in divided doses. 

[0031 ] A highly absorbable calcium salt having an excellent absorbability is preferably admixed into bone resorption 
10 suppressing agents, drinks, food products and feed of the present invention. Examples of the highly absorbable calcium 
salt include calcium chloride, calcium carbonate, calcium lactate, egg shells and substances containing milk-derived 
calcium. Effective components for bones, such as vitamin D and vitamin K. can also be admixed. In such cases, *e 
desirable synergistic effect of the bone formation stimulating activity provided by admixing the above-mentioned highly 
absorbable calcium and vitamins with the bone resorption suppressing activity provided by a milk-derived basic cystatin 
is and/or milk-derived basic cystatin decomposition product can be attained. 

[0032] Milk-derived basic cystatin has bone resorption suppressing activity when ingested as an admixture in food 

products and is an excellent material for food processing because of its good heat stability. 

[0033] The present invention will be explained in detail in the following examples and test examples. 

so Example 1 

Preparation of milk-derived basic CVStatiD 

[0034] A column filled with S-Sepharose (3.000 g) was thoroughly washed with deionized water. Skimmed milk 
25 (10 000 L) was passed through the column, the column was thoroughly washed with deionized water, then elution was 
carried out with a linear concentration gradient of 0.1 to 1.0 M sodium chloride. The eluted fraction was heated at 90'C 
for 1 0 minutes and centrifuged to remove precipitates. Next, the resulting fraction containing milk-derived basic cystatin 
was again fractionated using MonoS ion exchange chromatography. The fraction thus obtained was fractionated using 
MonoQ ion exchange chromatography and Superose 12 gel filtration chromatography using an HPLC system, then fur- 
so ther by hydroxyapatite chromatography, and C4 reverse phase chromatography using an HPLC system to obtain a milk- 
derived basic cystatin (fraction A 58 mg). 

Example 2 

35 Preparation o f milk-derived basic CVStatin 

[0035] A 5% milk whey protein solution (1 0.000 L) was heated at 90'C for 10 minutes and centrifuged to remove 
precipitates A column was filled with a carrier, in which carboxymethylated papain was bound to Tresyl-Toyopearl (a 
product of Toso) and equilibrated with a 0.5 M sodium chloride solution. The resulting solution was passed through this 
column after which the column was washed with a 0.5 M sodium chloride solution, then a 0.5 M sodium chloride solu- 
tion containing 0.1% Tween 20. Next, cysteine protease was eluted with a 20 mM acetic acid-0.5 M sodium chloride 
solution The eluted fraction was immediately neutralized with a 1 M sodium hydroxide solution, then fractionated on 
MonoS anion exchange chromatography, then hydroxy apatite chromatography and C4 reverse phase chromatography 
using an HPLC system to obtain a milk-derived basic cystatin (fraction B. 48 mg). 



40 



45 



Example 3 

Preparation of milk-derived basic cvs tatin decomposition product 

so [0036] Fraction A (25 mg) obtained in Example 1 was suspended in 100 ml of water, pancreatin was added at a final 
concentration of 1%, and enzyme treatment was carried out at 37'C for 5 hours. Then, the enzyme was inactivated by 
heating at 90°C for 5 minutes, after which the resulting substance was freeze-dried to obtain a milk-denved basic cysta- 
tin decomposition product (fraction C. 23 mg). 

[0037] Fraction B (25 mg) obtained in Example 2 was similarly treated to obtain a milk-derived basic cystatin 

55 decomposition product (fraction D, 24 mg). 
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Test Example 1 
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Bone resorption suppressing activity of milk-derived bas i c nystatins and milk-derived basic cystatin decomposition 

products 

[0038] Splint bones of ICR mice (10-20 days of age) were taken out, soft tissues were removed, then the bones 
were mechanically ground in an a-MEM solution containing 5% fetal calf serum to obtain whole bone cells including 
osteoclasts. These cells (about 2 x 10 6 ) were spotted on an ivory piece using an a-MEM solution containing 5% fetal 
calf serum. After several hours, an a-MEM solution containing 5% fetal calf serum, to which a milk-derived basic cysta- 
tin or a milk-derived basic cystatin decomposition product was added at a concentration of 50 ng/m!, was added to the 
spot, and the ivory piece was incubated in the presence of 5% C0 2 at 37°C for 5 days to examine bone resorption activ- 
ity of osteoclasts. ^ . 4 . 
[0039] After incubation, cells on the ivory piece were peeled, stained with hematoxylin, and subjected to image 
analysis using an image analyzing device (PlASLA-555, a product of PIAS) to count the number of bone resorption pits. 
The bone resorption activity (%) as defined in the following formula is obtained from the counts to evaluate the bone 
resorption suppressing activity. 

Bone resorption activity (%) = (bone resorption pit count for group with added test sample 
/bone resorption pit count for group without added test sample) x 1 00 

[0040] Test samples used were milk-derived basic cystatins and milk-derived basic cystatin decomposition prod- 
ucts (fractions A to D) obtained in Examples 1, 2 and 3, and the following non-milk origin cystatins, and a milk-derived 
cysteine protease inhibitor 

1 . Cystatin (egg white; purity more than 99%) 

2. Cystatin (human placenta; purity more than 99%) 

3. Cystatin (human plasma; purity more than 99%) 

4. Cystatin (bovine urine; purity more than 99%) 

5. Cystatin (bovine plasma; purity more than 99%) 

6. Cysteine protease inhibitor (see Japanese Patent Laid-open No. 95-126294) 
(bovine milk; purity more than 99%) 

[0041 ] Results are shown in Table 1 . Bone resorption activity was suppressed better in cells cultured in a medium 
supplemented with milk-derived basic cystatins or milk-derived basic cystatin decomposition products than in cells cul- 
tured in a medium without these supplements. Further, milk-derived basic cystatins and milk-derived basic cystatin 
decomposition products (fractions A to D) showed marked bone resorption suppressing activity as compared with 
cystatins of other origins, and thus an excellent bone resorption suppressing activity of milk-derived basic cystatins was 
confirmed. 

Table 1 





Test sample 


Bone resorption activity 


45 


(%±SD) 


Fraction A 


44.2 ±6.9 




Fraction B 


55.8 ±5.2 




Fraction C 


32.5 ±5.6 


50 


Fraction D 


41 .3 ±4.7 




Cystatin (egg white) 


75.1 ±3.5 




Cystatin (human placenta) 


78.1 ±2.9 


55 


Cystatin (human plasma) 


79.5 ±1.9 


Cystatin (bovine urine) 


77.2 ±3.7 




Cystatin (bovine plasma) 


68.7 ±3.3 
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Table 1 (continued) 



Test sample 


Bone resorption activity 
(%±SD) 


Cysteine protease inhibitor (bovine milk) 


64.3 ±2.5 



Test Example 2 

Bone resorption suppressing activity and bone strengtheni n g activity of milk-derived basic cystatin and milk-derived 
basic cystatin decpmposition product 

[0042] Fractions A and C obtained in Examples 1 and 3, respectively, were administered to osteoporosis model rats 
to study their effect on bone resorption suppression. 

[0043] Feeds used for the administration test were a feed admixed with fraction A or fraction C and a feed admixed 
with fraction A or fraction C, a highly absorbable milk-derived calcium component (milk Ca, see Japanese Patent Laid- 
open No. 1992-306622) as a calcium source, and 200 IU of vitamin D. 

[0044] Compositions of the feeds used in the administration test are shown in Table 2. The amount of both calcium 
and phosphate was 300 mg per 100 g feed in all test.groups so that a calcium to phosphate ratio was 1 :1 . 



Table 2 









Fraction 


Fraction + Mil 


kCa 2 >+VD 3 > 




Control 


Sham 


A 


C 


A 


C 


Sucrose 


50.0 


50.0 j 


50.0 


50.0 


50.0 


50.0 


Casein 


20.0 


20.0 


18.0 


18.0 


18.0 


18.0 


Cornstarch 


15.0 


15.0 


15.0 


15.0 


15.0 


15.0 


Cellulose 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


Corn oil 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


Vitamin mixture (including choline) 


1.2 


1.2 


1.2 


1.2 


1.2 


1.2 


Mineral mixture 


4.5 1 > 


4.5 1 > 


4.5 « 


4.5 1 ) 


4.5 2 ) 


4.5 2 ) 


Fraction A 






0.0004 




0.0004 




Fraction C 








0.0004 




0.0004 


(Units: g/1 00 g) 



1) Calcium carbonate was admixed as a calcium source. 

2) Milk-derived calcium component was admixed as a calcium source. 

3) 200 IU of vitamin D were admixed. 



[0045] Female SD rats (32 weeks of age) were used for experimental animals. After preliminary rearing for one 
week an ovariectomy was performed, then the rats were reared further for 2 weeks on a low calcium diet to create oste- 
oporosis model rats. Sham operations without an ovariectomy were performed on 7 rats to make sham rats. 
[0046] The above-mentioned rats were divided into six groups (7 rats in one group), i.e., control group, sham group, 
fraction A group, fraction C group, fraction A + milk calcium + vitamin D group, and fraction C + milk calcium + vitamin 
D group, and rats in each group were fed the test feeds shown in Table 2, for one month. 

[0047] After administering the test feeds, thigh bones of rats in each test group were removed, the amount of bone 
mineral was measured by a bone mineral measuring device, and the bone strength was measured by a tension fracture 
characteristic measuring device. 
[0048] Results are shown in Table 3 and Table 4. 

[0049] As shown in Table 3, the amount of bone mineral was statistically greater in animals fed the feed admixed 
with faction A or fraction C as compared to those in the control group. Accordingly, it was revealed that fraction A and 
fraction C had bone resorption suppressing activity. The activity was further augmented by the addition of highly 
absorbable milk calcium and vitamin D. 

[0050] As shown in Table 4, the bone strength was statistically higher in animals fed the feeds admixed with fraction 
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A or fraction C than in the control animals. Accordingly, it was revealed that fraction A and fraction C had bone strength- 
ening activity. Further, the activity was further augmented by the addition of highly absorbable milk calcium and vitamin 
D. 

[0051 ] A similar result was obtained with the feed admixed with vitamin K instead of vitamin D. 

[0052] The above-mentioned results showed that the milk-derived basic cystatin and milk-derived basic cystatin 

decomposition product had bone resorption suppressing activity and bone strengthening activity. 



Table 3 




Bone mineral (mg, ± SD) 


Sham 


136.2 ±6.3* 


Control I 


11 6.3 ±5.9 


Fraction A 


122.4 ±4.3* 


Fraction C 


123.8 ±5.1* 


Fraction A + milk Ca + vitamin D 


126.1 ±2.9* 


Fraction C + milk Ca + vitamin D 


127.3 ±3.1* 


* Significantly different from the control group (p < 0.05) 


Table 4 






Bone breaking energy (x 
10 s erg) 


Sham 


13.4 ±2.6* 


Control 


8.3 ±1.7 


Fraction A 


10.8±3.1* 


Fraction C 


10.5±4.1* 


Fraction A + milk Ca + vitamin D 


11.3 ±2.3* 


Fraction C + milk Ca + vitamin D 


11.5 ±2.6* 



* Significantly different from the control group (p < 0.05) 



Test Example 3 

[0054] The ingredients shown in Table 5 were mixed, poured into containers and sterilized by heating to prepare 
drinks. Albumin was added to a control group to adjust the amount of proteins. 

[0055] Twenty patients having osteoarthritis (shrinkage of joint cleavage) were divided into two groups with 10 
patients in each group, and took the drinks for one month. The amount of urinary deoxypyridinoline, a bone metabolism 
marker for bone resorption, was measured before and after the period of drinking. 

[0056] Results are shown in Table 6 and Table 7. As shown in Table 6, while the amount of deoxypyridinoline was 
reduced even in the control group having the drink with calcium and vitamin, it was reduced further more in the test 
group. This result suggests that bone resorption due to bone fracture was well suppressed. As shown in Table 7, vari- 
ous joint pains were also reduced by the intake of the drink. Furthermore, similar results were obtained by using cheese 
in which a milk-derived basic cystatin was admixed. 



Table 5 



Ingredients 


Control group 


Test group 


Crystalline glucose 


15.0 


15.0 (% by weight) 
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Table 5 (continued) 



Ingredients 


Control group 


Test group 


Fraction A 




0.000008 


Albumin 


0.000008 




Calcium 


0.5 


0.5 


Vitamin D 


(200 IU) 


(200 IU) 


Water 


74.0 


74.0 



Table 6 





Reduction amount of 
deoxypyridinoline 
(nmol/day±SD) 


Control groip 
Test group 


0.32 ±0.3 
0.99 ±0.2* 



* Significantly different from the control 
group (p < 0.05). 



Table 7 





Number of patients 




Control group 


Test group 




Before intake 


After intake 


Before intake 


After intake 


Physically strained joint pain 


10 


10 


10 


8 


Joint pain with motion 


5 


5 


6 


2 


Joint pain while asleep 


5 


4 


5 


0 


Joint pain in exhaustion 


8 


8 


9 


5 


Fatigue 


7 


7 


6 


1 


Joint pain at the entire 


9 


8 


9 


3 


cleavage 











Test Example 4 

[0058] Forty-eight golden hamsters (6 weeks of age) were preliminarily reared for one week, after which a sterilized 
silk suture No 4 was coiled in five-ply around the M1 column dentis of each animal, and the animals were reared by 
feeding the feed of Keyes et al. (D#2000, Keyes, P.H. and Jordan: Archs. Oral. Biol.. 9. 377-400, 1964) to induce peri- 
odontal diseases. Next, the resulting golden hamsters were divided into four groups, i.e., control group, fraction A group, 
fraction B group, and fraction C group. A test solution was prepared by appropriately diluting each fraction (4 ug) and 
applied to the animals of each group 2 times a day every day, keeping the inside the oral cavity of the animals wet for 
about 10 minutes each time. Six animals of each group were selected 4 and 7 days after the application, both sides of 
lower jaw bones were excised after fixed perfusion with a 2.5% glutaraldehyde solution (pH 7.4) for about 20 minutes, 
then the reduction of alveolar bone mass was evaluated by the following method. Namely, both excised sides of lower 
bones were fixed with a 2.5% glutaraldehyde solution and soft-X-rayed, then the resulting photographs were analyzed 
using an image analyzing device (PIAS LA-555). The area between the enamel cement border and alveolar bone top 
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near M1 was measured to evaluate the reduction in alveolar bone mass. 

[0059] Results are shown in Table 8. Reduction in alveolar bone mass in the golden hamsters in fraction A group, 
fraction B group and fraction C group was significantly lower as compared with that in the control group. Accordingly, it 
was revealed that the milk-derived basic cystatins and milk-derived basic cystatin decomposition product were effective 
5 in suppressing alveolar bone mass reduction and for preventing and treating periodontal diseases. 



Table 8 





Control 


Fraction A 


Fraction B 


Fraction C 


Reduction in area (mm 2 ) 










Day 4 


0.31 


0.16* 


0.18* 


0.15* 


Day 7 


0.98 


0.53* 


0.58* 


0.47* 



75 'Significantly different from the control group (p < 0.05). 



Example 4 

20 Production of drink to which bone resorption sup pressing activity w qs provided 

[0060] The ingredients in Table 9 were mixed, fraction A (0.000004% by weight) and vitamin D (200 IU) were further 
added, then the admixture was poured into a container and sterilized by heating to produce a drink to which bone 
resorption suppressing activity was provided. This drink is useful for the prevention and treatment of bone joint dis- 
ss eases. 



Table 9 



Mixed isomerized sugars 


1 5.0 (% by weight) 


Fruit juice 


10.0 


Citric acid 


0.5 


Flavoring 


0.1 


Calcium 


0.5 


Water 


73.9 



Example 5 

40 

Production of tablets to which bone resorptio n suppressing activity was provided 

[0061 ] The ingredients in Table 1 0 were mixed, fraction A (0.0005% by weight) and vitamin D (200 IU) were further 
added, then the admixture was molded under pressure to produce tablets to which bone resorption suppressing activity 
45 was provided. These tablets are useful for the prevention and treatment of bone joint diseases. 



Table 10 


Hydrous crystalline glucose 


93.5 (% by weight) 


Calcium 


5.0 


Sugar esters 


1.0 


Flavoring 


0.5 



55 
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Example 6 

Production of biscuits to which bone resorption suppressing activity was provided 

s [0062] The ingredients of Table 1 1 were mixed, fraction B (0.00005% by weight) was further added, then the result- 
ing dough was molded and baked to produce biscuits to which bone resorption suppressing activity was provided. 
These biscuits are useful for the prevention and treatment of bone joint diseases. 



Table 11 



Rout 


50.0 {% by weight) 


Sugar 


20.0 


Table salt 


0.5 


Margarine 


12.5 


Egg 


12.1 


Water 


4.1 


Sodium hydrogencarbonate 


0.1 


Ammonium bicarbonate 


0.2 


Calcium carbonate 


0.5 



Example 7 

Production of jelly to whic h hone resorption suppressing activity was provided 

[0063] The ingredients in Table 12 were mixed, fraction D (0.000008% by weight) was further added, then the 
admixture was poured into a container and sterilized by heating to produce jelly to which bone resorption suppressing 
activity was provided. This jelly is useful for the prevention and treatment of bone joint diseases. 



Table 12 



Fructose 


20.0 (% by weight) 


Granulated sugar 


15.0 


Starch syrup 


5.0 


Agar 


1.0 


Flavoring 


0.1 


Calcium 


0.1 


Water 


58.8 



Example 8 

so Production of cheese to which bone reso rption suppressing activity wqs provided 

[0064] The ingredients in Table 1 3 were mixed, fraction A (0.00005% by weight) was further added, then the admix- 
ture was emulsified at an emulsifying temperature of 85°C to produce cheese to which bone resorption suppressing 
activity was provided. This cheese is useful for the prevention and treatment of bone joint diseases. 
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Table 13 





Gouda cheese 


43.0 (% by weight) 


5 


Cheddar cheese 


43.0 




Sodium citrate 


2.0 




Milk-derived calcium 


1.0 


10 


Water 


10.5 



Example 9 

1S Production of voohurt to which bone reso r ption suppressing activity was provided 

[0065] Skim milk (12%) was pasteurized by heating at 90°C for 20 minutes, and Lactobacillus acidophilus and 
Streptococcus thermophilus were individually inoculated to make two kinds of starter cultures. The ingredients in Table 
12 including a yoghurt mix, whose major component is milk, were mixed, fraction B (0.000008% by weight) was further 
20 added, then the admixture was subjected to conventional fermentation and cooling to produce yoghurt to which bone 
resorption suppressing activity was provided. This yoghurt is useful for the prevention and treatment of bone joint dis- 
eases. 



Table 13 



Yoghurt mix 


97.0 (% by weight) 


Culture (L acidophilus) 


1.5 


Culture (S. thermophilus) 


1.5 



Example 10 

Production of Hog food to w hich bone resorption suppressing activity WAS provided 

[0066] The ingredients in Table 1 5 were mixed, and fraction A (0.00001 % by weight) was further added to produce 
a dog food to which bone resorption suppressing activity was provided. This dog food is useful for the prevention and 
treatment of bone joint diseases. 



Table 15 



Soybean cake 


12.0 (% by weight) 


Powdered skim milk 


14.0 


Soybean oil 


4.0 


Corn oil 


2.0 


Palm oil 


28.0 


Corn starch 


15.0 


Flour 


9.0 


Bran 


2.0 


Vitamin mixture 


9.0 


Mineral mixture 


2.0 


Cellulose 


3.0 
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Example 1 1 

Production of tooth paste to which bo ne resorption suppressing activity was provided, 

s [0067] The ingredients in Table 16 were mixed, fraction C (0.0001% by weight) was further added, the admixture 
was made into a cream and poured into a container to produce a tooth paste to which bone resorption suppressing 
activity was provided. This tooth paste is useful for the prevention and treatment of periodontal diseases. 



Table 16 



Glycerine 


70.0 (% by weight) 


Silicon dioxide 


20.0 


Xanthan gum 


1.0 


Mint flavoring 


1.0 


Titanium dioxide 


0.7 


Sodium fluoride 


0.3 


Distilled water 


7.0 



Example 12 

25 Production of oarole to which bone resorption suppressing activity was provided 

[0068] The ingredients in Table 1 7 were mixed, and fraction B (0.00001% by weight) was further added to produce 
a gargle to which bone resorption suppressing activity was provided. This gargle is useful for the prevention and treat- 
ment of periodontal diseases. 



Table 17 



Ethanol 


8.0 (% by weight) 


Flavoring 


1.0 


Sorbitol 


5.0 


Propylene glycol 


5.0 


Distilled water 


81.0 



40 

Example 13 

Production of chewing aum to which bone resorption s uppressing activity was provided 

45 

[0069] The ingredients in Table 1 8 including a dissolved gum base were mixed and stirred, and fraction A (0.0001 % 
by weight) was further added to produce a chewing gum to which bone resorption suppressing activity was provided. 
This chewing gum is useful for the prevention and treatment of periodontal diseases. 



50 


Table 18 




Gum base 


20.0 (% by weight) 




Corn syrup 


10.0 


55 


Dextrose monohydrate 


10.0 




Lactose 


5.0 
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Table 18 (continued) 



Glycerine 


5.0 


Sugar 


50.0 



10070] Bone resorption suppressing agents of the present invention comprising a milk<lerived basic cystatin and/or 
milk-derived basic cystatin decomposition product as an effective component are useful as agents for the prevention 
and treatment of bone joint diseases or periodontal diseases. 

[0071 ] Further, bone joint diseases or periodontal diseases can be prevented and treated by ingesting drinks, food 
10 products or feeds to which the milk-derived basic cystatin and/or milk-derived basic cystatin decomposition product of 
the present invention are admixed to provide bone resorption suppressing activity. 

Claims 

75 1. A bone resorption suppressing agent comprising a milk-derived basic cystatin and/or milk-derived basic cystatin 
decomposition product as an effective component. 

2. The bone resorption suppressing agent as claimed in Claim 1 to be used for the prevention and treatment of bone 
joint diseases or periodontal diseases. 

20 

3. The bone resorption suppressing agent as claimed in Claim 1 further comprising a highly absorbable calcium com- 
ponent, and vitamin D and/or vitamin K. 

4. The bone resorption suppressing agent as claimed in Claim 2 further comprising a highly absorbable calcium com- 
2S ponerrt, and vitamin D and/or vitamin K. 

5. A drink, food product, or feed wherein more than 4 \ig% of a milk-derived basic cystatin and/or milk-derived basic 
cystatin decomposition product are admixed to provide an activity to prevent and treat bone joint diseases and per- 
iodontal diseases. 

30 . . 

6. The drink, food product, or feed as claimed in Claim 4 wherein a highly absorbable calcium composition, and vita- 
min D and/or vitamin K are further admixed. 
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t) &£$J5£bfe. «a^**e>. &5STfj£«3ft6# 
KiRrSI* (%) fl-»JR#WWSftlR*IMflibfc. 
[0 0 3 9] #RiRfiH£ (%) = (K»K«IS*P»©# 
KJR«»/tSifttS#4««R!iDll¥iD#i!SJR««) x 1 0 0 
t&Wit&mh bTtt> *fflS0!l 1 ~ 3 X-m <btitz^LfH&i& 

[0 0 4 0] 



1 . >**:f > (5P** (Egg White) ; &6g99%fel±) 

2. (A** (Placenta) ; »BR99%&Lk) 

3. 3^**-> (Afi* (Plasma) : *>Sa99%U±) 

4. >7.^^> (^** (Urine) ; ttft99Xfil±) 

5. >**^> (*t=S* (Plasma) ; MK99%UJh) 

6. *s7,=r4 >7Pf7- If-f >htf*- (^5B¥07-1 
26294 ^&$R#RS) (^?lffi# (Milk) ; MK99X& 
±) 

naas^* (a^-A-H^D) 

[0 0 4 1] 
[SU] 



•www 



(%. ±SD) 





44. 2±6. 9 


m&s 


65.8±6.2 




32.5±5. 6 




41.3±4.7 


i/^^^-V (IP** (Egg White)) 


75.1±3.5 


(Aft* (Placenta) ) 


78.1 ±2. 9 


(A** (Plasma) ) 


79.5±1.9 


S/JX*^ (^6* (Urine)) 


77.2 + 3. 7 


l/*??-^ (^A* (Plasma) ) 


68.7±3.3 






(*fL*3fe (Milk) ) 


64. 3 ±2, 5 



[0 0 4 2] 

itmm 2 ] . a ataaatg ^ * » » > & a aaa 

1 3 T-f# ^feltta-ASWa^C KoV>T, 
fiiJ2tiS£l&f*bfc. 

[0043] «-M»;a<z>«*44: it, ia#Axi£iii# 

bTHSiR'l4©ii5V^?LS**;i'^ , i'A^J (?LCa; ^P8¥ 



4-306622^£t*8#{$) * H*^>D 200IU&ffi£-bfe#3 

[0044] ft^$mizm^tcmm<Dmi&*%.2ic7F 

grePDlsUOOg^fc t>300mg -5JCU tDlS*"!? 

A : 'J >J£& 1 : 1 £: b"ri)iSS!bfco 

[0 0 4 5] 

[S2] 



9 



&m 2000-281587 
10 



ftfg *s*J* 

(Cont) <Sha») AC AC 



mm 


50.0 


50.0 


50.0 


50.0 


50.0 


60.0 




20. 0 


20.0 


18.0 


18.0 . 


18.0 


18.0 




15.0 


15.0 


15,0 


15.0 


15.0 


15.0 




5.0 


5.0 


5.0 


5.0 


5.0 


5.0 




5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


If * % 


1.2 


L2 


.1.2 


I- 2 


1.2 


1.2 


















4.5 *> 


4.5 11 


4.5 11 


4.5 ° 


4.5 m 


4.5 








0. 00004 — 


0. 00004 — 










0. 00004 




0. 01 



OUffi : gAOOg) 



3) if^SVD 200I08rE-&Ufc. 



[0 0 4 6] mmhWt bTtt, 325118© S D *MH£? 

SMi*fcH¥«*JI5U (S*;i/^> ^AAT* 2*^ Wi- 
se: tic «tt), #fflSffitr^7^SMlfe. * 

[0047] ambits mm? * h *fs$8*> $"» 

AH, iB#Ai^ H#CfflU iB£-A+¥l#;i/S/0 A + K 
P (16SifcS¥7E5) *2©t£ifcfe£ 1*^43 

[0 0 4 8] KIMHtttt-^ «-8£®&i¥©^ v h<D*M 

[0 0 4 9] ^**«3St>*^4tc^-r. 

[0 0 5 0]S3CSbfeJ:o^ *H#®W&StiU 
*f J$8E C tfc^-T !B# A XttPhfr C 4 Ba-n- b fc£-S¥Tr#clH- 
Wfc#*tfci6vM**jj*bfc. -O-t*^ B^AM 

fcv ll&JKteCl^LftJl'^A&tFb:* S. VD^^jDl" 
2,Z£\Z±>). $&C»JiU«i9fcb;fc. 
[0 0 5 1] ££>t^ t4CSUfeiot:, *ffig#{ffi#r 
WRSSfcJt^TBI^AXttlii^CftE^bfc** 
T*WWfc**fc*^**jJ*bfc. £©-£*£, 
AS^lB^ClCii#^b^ffl* 5 fe5-i:A s t)*ofc: 0 * 



30 



[0 0 5 2]tt& tf*S.>D©fU?t)fc:K*3>K£ 
[0 0 5 3] S!lB©ie**»6, TOLEMEaUSttS'***- 

[0 0 5 4] 

[553] 

#«* (■«, ±SD) 



40 





136.2 


± 


6.3 * 


«m 


116.3 


± 


5.9 


®#A 


122.4 


± 


4.3 * 


SJ^C 


123.8 


± 


5.1 * 


®#A + ?LCa+ tr* ^ yD 


126.1 


± 


2.9 * 


W#C +?LCa4- fcf* 5 >T> 


127.3 




3.1 • 



* ttJSWKlfct-bT^fStUfct) (P<0.06) 

[0 0 5 5] 
[*4] 



( 7 ) 



11 



!RflB2 000-281587 
12 



BS#A+*LCa+ % 



13.4 ± 2.6 ' 
8.3 ± 1.7 

10.8 ± 3. 1 * 

10.5 ± 4.1 * 
11.3 ± 2.3 * 
11.5 ± 2.6 ' 



•. Mmm^tt bT*r«£& «j <p<o. 06) 



[0 0 5 6] 

[SS^J3] * 5 ©E^T-&j£#£Sllrb-r 

feo 

[0057] x^Hfliffi (»ie©iwi©JRtt) ©*# 

ffl bu i: SRffl^©#i!SiRO#'ft Wv— * — X- 2> S * 



20 



fc, *7tC^1-«tdtc> Kfifi*C*tb-t*K fiasco 
^Tffi^AMg^bT^SCfctffr*^*:. 

[0 0 5 9] 
[SI5] 







KM 




15.0 


15. 0 






0.000008 




0. 000008 






0.5 


0.6 




(200IU) 


(200IU) 


7k 


74.0 


74.0 



[0 0 6 0] 



[*6] 



7*-*i/Vy &J y >#'P* (nmol/day, ±SD) 



0.32 ±0.3 
0.99 ±0.2 



[0 0 6 1] 



*ffiR#K*fbT*rSg*>9 (P<0.05) 

[«7] 



13 
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S#lWl«» ! S- :i Se<E>B8«?iS#« (A) 



nmm nam 





1 0 


1 0 


1 0 


8 




6 


5 


6 


2 




5 


4 


5 


0 




8 


8 


9 


5 




7 


7 


6 


1 




9 


8 


9 


3 



[0 0 6 2] 

im&m 4 ] 6 Mife©^— A*#-48EE£ i a 

Modern ufcgu i-y^wasftTTfMiotHHaJcwB 

bfc*»ffl«^IB*No4 £5B£#£ft-tf\ Keyes 20 
^I^KD#2000: Keyes, P.H. and Jordan: Archs. Oral. 
Biol. 9: 377-400,1964)"C«IS-r4c:i:KJ; 
SWS^-e-fc. tf^TN ^-;i/r>^A^^-^ MB 

AP N ii^BS» B#Cg¥£fcj:> — B2EK &H#4m 

g *aac«»iufcK8i»"epjttrt*wio»-nift*-ra 

f*l,«**B«*bTfTo&. ja«W»*6 4HflLRU t 

tK««(l>H7.4) SJBV^Tl&20#MIBjeaBttbfc«, T 
ti»iffifflil*«imi,. >fr<D*J£T-**i#iJ£ / i>ft£f¥ffib 30 



fco *as*i.fcTiii#pi«ft2.5xy;^/i/7 > 

^g?tffSB(PIAS LA-555) fcffl^TflPWU Mltt5£©^ 
[0 0 6 3] ig**^8t:^-ro H^-ASs BHJ-BS* 

[0 0 6 4] 
[*8] 







SS#A 
















4 B 


0.31 


0. 16 * 


0.18 * 


0.15 • 


7 0 


0.98 


0.53 • 


0.58 * 


0.47 * 



[0 0 6 5] 

mmm 4 ] wMmm#m » «■» l fe«*uo«g 

£H#A 0.000004 mm%RW* 5 >D 200IU Sffibn 

breath* u inufvMHbT^ -ftusiRCTSiJSbS'&Jia 

[0 0 6 6] 
[319] 



(P<0. 05) 





15.0 («*%) 




10.0 




0.5 




0, 1 




0.5 


* 


73.9 



50 [0 0 6 7] 



( 9 ) 

15 

immm 5 ] %m!mM&m*M£ UzMMomm 

111 0©f2^Ct£oTJ&5)-£S^b&fc©C*f bT> £ 

t>KLm&A 0.0005 aft%s^^^^>D 2001U ^misa 

[0 0 6 8] 



^1 0] 




93. 5 <S*%) 




5.0 




1.0 




0.5 



[0 0 6 9] 

m 

an i©i2^£t£oTj£#£rS-&-b£*>©£*tb-r\ s 

ZiZMftB 0.00005M%£^JHlbT F££#J5StU fig 20 

BSZWafe^© fc » C M ffl T* £ o 
[0 0 7 0] 

[mil] 





50. 0 




20.0 


ft* 


0.5 




12.5 




12. 1 




4. 1 




0. 1 




0.2 




0.5 



30 



[0 0 7 1] 

mmm 1 ] mmmmm &MS: i |J — »ffl<p« 40 

«1 2©I^Ct£oTJfc9-£il^b;fet>©£*fbT> £ 
€>£jIj#D 0.000008Mfl%$^iDb> §St^)S«tbfc 

tF25t#©fc«>CWfflT-2& 5. 
[0 0 7 2] 
[S12] 



000-281587 

16 



MM 


20.0 






15.0 






5.0 


• 




1:0 






0.1 






0. 1 






58.8 





[0 0 7 3] 

mmm 8 ] asiBMag^ a \^-f—x<pmm 

tl 3©iB-&C^oTfiE^-«:S-&bfe*)©{c*fbtx $ 
feCBO^A 0.00005ftS%£8s>!]OU ?Ub®m85"Ct-?L 

-fbb-c, #qg^w»j»*fc«*bfc^-x*a^bfc. 

C©5=— X«u #Hg5j£J&©^&5;Rtf3t#©;fc«>C*rffl 
[0 0 7 4] 



[SI 3] 





43.0 (fiflc%) 




43. 5 




2.0 




1.0 




10.5 



[0 0 7 5] 

mmm 9 ] &mi&m®mm. *MM\ ,t-3-#)vv<Dm 
m 

• 7i/ H7-f ;UX(l. acidophilus) b V7Y 

n >vptj^ • It— -i ;i/^(S.theraophilus)4-^tl-?'tl 

l 4©K-&£t£oti£#&*I^bfcfc©k:2*b-T\ 
KjIj#B 0.000008 BSX&ttftDU miSKtfcoTSSBI 







[0 0 7 6] 




[*14] 




a— Pa* V ^?/# * 


97. 0 


*S*«J<L. acidophilus) 


1.5 


»**(S. thermophilic) 


1.5 



50 [0 0 7 7] 



( 

17 

immm 1 o ] MMiiiiMkfci zilii 

Stl 5©ga-&£^TJ5fc#£iI-&U il#A 

o.ooooifig%&^iab-Cv #i»its?WJ^*'£l»#bfc 

[0 0 7 8] 

15] 





12. 0 (£&%) 




14.0 




4.0 




2.0 




28.0 




15.0 




9.0 




2.0 


if ^ ^ 


9.0 




2.0 




3.0 



) ttlfl 2000-281587 
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[0 0 7 9] 

immm 1 1 ] fisffinaM * «■* u s «<q« 
au 6K^i-gE^T-&j$#£«^bfcfc©£*fbT, $ 

f>tciS#C 0.0001 gjftX&flttaU *U-A*MJItL 

[0 0 8 0] 
[$16] 





70. 0 




20.0 




1.0 




1.0 


-mi?* > 


0.7 




0.3 




7.0 



(£*%) 



[0 0 8 1] 

[^Sfctfl i 2 ] *rvksmtimm » «•» b. fe 2 v^ai<p« 

t, ££CiIk9-B 0.00001Sfi%^»UT, WJRJRW 



So 

40 [0 0 8 2] 

mi 7] 



zz.9 J— ft* 

*** 



8.0 
1.0 
5.0 

5.0 
81.0 



[0 0 8 3] 



50 1 3 ] HWtmima . * L fe Ag>i&3a 
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19 20 

bfcfecDc^bt, $e>«c, h^-a o.oooi [oo8 4] 

U fiJH&LT, ©iRiR«iSiJ«J**ia-^b& [3118] 

#A*t.—?t. 20.0 (fi*%) 

3— i/i/ta y^ 1 . 10.0 

7* h-X 5.0 

^ y -fe v is s. o 

ft 50.0 



[0 0 8 5] 



[0 0 8 6] *^©^¥L**^*tt^^^^> 



(51)Int.Cl.' fSSUIB^ FI r-W W 

A23K 1/175 A23K 1/175 4 C084 

A23L 1/30 A23L 1/30 A 4C086 

Z 4C206 

2/52 2/38 N 

2/38 B 

A 6 1 K 31/00 6 0 1 B 

A 6 1 P 1/02 6 1 9 E 

19/10 6 1 9 D 

19/08 6 4 3 A 

43/00 31/12 

A 6 1 K 31/12 31/59 

31/59 33/06 

33/06 A 2 3 C 9/13 

// A 2 3 C 9/13 19/084 

19/084 A2 3L 2/00 F 



JffSMUfcljgmWKU] 2 - 8 - 9 93-* 
2Sf^lJJV>^3>406 



( 12 ) 

F*-A(#%) 2B150 AA06 AB10 BB03 DC23 DD01 

DE14 DE16 DH04 
4B001 AC31 AC40 AC46 BC14 EC05 
4B014 GB07 GB13 GG02 GG07 GGIO 

GG14 GK05 GK09 GLOl GL09 
4B017 LC03 LE03 LK15 LK18 LP08 
4B018 LBOl LB02 LB05 LB07 LB08 

MD04 MD20 MD22 MD23 MD71 

ME05 

4C084 AA02 BA43 BA44 DC32 MA02 
NA14 ZA671 ZA672 ZA961 
ZA962 ZA971 ZC202 ZC212 
ZC232 ZC292 

4C086 AAOl AA02 DAI 5 DA16 HA04 
MAOl MA03 MA04 MA08 MA52 
NA14 ZA67 ZA96 ZA97 ZC21 
ZC23 ZC29 

4C206 AAOl AA02 CB28 MA03 MA04 
MA72 NA14 ZA67 ZA96 ZA97 
ZC21 ZC23 ZC29 
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